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• Design LS surface editing framework
• Single representation and numerous tools

• Definition of new LS surface editing operators
• Automatic blending along intersection curves

• Spatially constrained smoothing and embossing

• User control over local surface properties

• User control of inward/outward surface 
movement
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How Level Sets Work:How Level Sets Work:
•• Initialize Initialize φφ as regularas regular 3D sampling3D sampling of signed of signed 

distance function to initial geometrydistance function to initial geometry

•• Propagate the timePropagate the time--dependent level set dependent level set 
equation until convergence (steadyequation until convergence (steady--state)state)

•• Surface is defined from zeroSurface is defined from zero--crossing of crossing of φφ

φφ(x,y)=0(x,y)=0
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Level Set Models
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Level Set Models

• By construction, produce closed, 
non-self-intersecting surfaces

• Easily change topological genus

• Free of mesh connectivity and 
triangle quality issues

• No need to re-parameterize during 
deformation
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Input Data RenderingVoxelization Operators

Speed Functions 
Building Blocks
Speed Functions 
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Speed function

Level-Set BlendingLevel-Set Blending

Paste (CSG Union)Paste (CSG Union)

( ) ( ) KKGdDcblend α=Γ

BlendBlendPositionPosition

cut-off func. filter func.

curvaturedistance

Regional constrainingRegional constraining

Localized SmoothingLocalized Smoothing

( ) ( ) KKGdDssmooth α=Γ
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Topology Simplification Topology Simplification Point EmbossingPoint Embossing
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ErosionErosion DilationDilation

Global Smoothing with a 
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Global Smoothing with a 
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Back of Female HeadBack of Female Head
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Original bustOriginal bustRepaired bustRepaired bustMirror & position cheekMirror & position cheekLevel set blendingLevel set blendingCopy (CSG intersection)Copy (CSG intersection)Scaling & positioningScaling & positioningPaste & LS blendingPaste & LS blendingLocalized sharpeningLocalized sharpeningCopy (CSG intersection)Copy (CSG intersection)Paste (CSG union)Paste (CSG union)
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SummarySummary

• Robust: No self-intersections and allows for 
changing topology

• Fast: LS computations are regionally 
constraint

• Simple: Speed functions encode the editing 
operators on a single data structure

• Closed: Editing operation can be applied 
repeatedly

• General: Can import many types of 
geometric models
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• Better representation of sharp features
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